In this brief note, we suggest the possibility that a soliton-assisted unidirectional photochemical cycle has played a role in prebiotic evolution. This suggestion is based on a model calculation which is itself based on the detection of Davydov-type soliton overtones in acetanilide.
Events, and in particular biochemical events involving reactions or changes of state of a macromolecule, may be supposed to occur one step at a time (1) . Thus they may often be represented in terms of a network of closed pathways, or loops. At equilibrium, there will be no net circulation of the macromolecule round the network, the conditions of detailed balance being fulfilled. But equilibrium means death; a living system requires process, such as a one-way circulation round the network. This may be realized as a steady state or a transient approach to a steady state. Such behavior can only be produced and maintained at the expense of the environment, which together with the system itself constitutes a larger system undergoing, as a whole, a steady degeneration in accordance with the concept of entropy increase (thermodynamic time's arrow). Thus life becomes a local eddy in the stream of evolution. In the fully developed organism, this state of affairs, which provides for the transduction of energy (or free energy) from one chemical reaction to another, is made possible by a set of highly developed polyfunctional enzymes. It was to provide a mechanism for such one-way circulation that the concept of a trapped soliton as an energy packet, created at one point of the network and liquidated at another, was introduced in an earlier paper (2) . For the special conditions of prebiotic life, before the development of chlorophyll (3) , we suggest retention of a trapped soliton as the driving mechanism for maintaining the unidirectional circulation of a complex system round a closed network but suppose that the soliton results from the absorption of solar radiation, which replaces the chemical free energy that is supplied by the driving reaction under present, more complex conditions. The realism of this suggestion hinges on the relation between the rate of absorption of radiation of suitable wavelength by the primitive enzyme and the rate of the diffusion-limited binding of the substrate by the enzyme under the conditions of high dilution characteristic of the prebiotic world. Unless the two rates are of the same order of magnitude, there will be no appreciable transduction of free energy-either the radiation will be absorbed and dissipated without appreciable effect or the substrate will be bound and liberated unchanged. It is with estimates of these two rates that the present note is concerned; for this purpose, we shall consider a model system consisting of a hypothetical protein in which a Davydov-type soliton can be trapped and which is present at high dilution in aqueous solution.
A possibility for vibrational soliton formation by infrared radiation in the backbone of a protein is provided by acetanilide. Recent studies of the infrared absorption spectrum of acetanilide in the crystalline state show a fundamental Davydov-type soliton band at 1650 cm-' (4, 5) with first, second, and third overtones at 3250.8 cm-', 4280.1 cm-l, and 6340.0 cm-1, respectively (unpublished data). Radiation at any one of these frequencies, provided it can get through to the protein, which in our model is necessarily present in aqueous solution, may be expected to produce a trapped Davydovtype vibrational soliton. However, the fundamental may be ruled out by the very high absorption of water at that frequency. Likewise the first overtone may be ruled out by the very high absorption of the other parts of the protein at that frequency; so too may the third overtone be excluded because of the very low absorption displayed by this band in acetanilide. Thus we are left with the second overtone, observed at 4280.1 cm-, as a possible candidate for the process in which we are interested. This second soliton overtone has an energy of 13.7 kcal molF, and it falls in a spectral region where the sun irradiance in the absence of the atmosphere is about 10-2 watts-cm-2 (6), thus providing about 1010 quanta-cm-2sec-. It is precisely in this frequency region that liquid water displays a narrow window for infrared light transmission, with an extinction length close to 2 x 10-2 cm (7). To (9) and assuming only one substrate molecule to be included in the water droplet considered above, we obtain a figure of one such encounter per year. Recognizing that allowance of a factor of 100 at least must be made for the lower efficiency of the protoenzyme, we conclude that at the concentrations defined above the substrate is likely to meet the enzyme with the soliton already trapped in it, thus allowing the substrate-enzyme complex to evolve unidirectionally (2) .
We believe that the model calculation considered above displays several attractive features in the prebiotic scenario. First, this model mimics the present chlorophyll-assisted solar energy pathway, although it is much simpler because it requires only one photon to be absorbed and stored as a trapped soliton. Moreover it depends on only one widespread chemical species, the amide group. It does not seem inconceivable that at some stage of evolution, a protoenzyme should have developed with infrared properties like those exhibited by acetanilide at 90 K. The reaction concentrations postulated in the model calculation outlined above are rather flexible; for instance, one might assume a larger number of amide groups capable of soliton formation in one 4115 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Biophysics: Careri and Wyman single macromolecule, together with a higher infrared absorption of the medium. Finally and most importantly, being applicable to any soliton-assisted photochemical cycle, the model shows how the "biological arrow of time" may be traced back in a natural way to the general principle of symmetry-breaking. This follows from the unidirectional property of the cyclical process considered above (2), a property that implies the correlation among biochemical events that is typical of functional order (10) .
In conclusion, we emphasize that the proposal outlined above of a trapped soliton as the driving mechanism in a prebiotic photochemical cycle is only a suggestion. Its relative merit as compared with other possibilities cannot well be judged at present due to our ignorance of major environmental factors of the prebiotic world (3, 11, 12) . We present it here simply as a suggestion worthy of consideration.
